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Laboratory  tests  were  conducted  on  rock  core  samples  received 
from  five  holes  from  Natrona  and  Fremont  Counties,  Wyoming  (Warren  II 
Study  Area).  Results  were  used  to  determine  the  quality  and  unifor- 
mity of  the  rock  to  depths  of  200  feet  below  ground  surface. 

The  rock  core  was  petrographically  identified  as  predominantly 
granite  and  biotite  gneiss.  Several  specimens  of  amphibolite  gneiss 
and  biotite  schist  were  also  identified. 

The  wide  area  represented  by  the  five  drill  holes  and  the  com- 
plex nature  of  the  material  preclude  assessment  of  the  area  on  a 
hole-to-hole  basis.  The  overall  appearance  of  the  area  is  one  of  a 
complex  rock  mass  with  quite  variable  physical  properties.  However, 
based  on  the  limited  data  available,  the  area  offers  possibilities  as 
a competent  hard  rock  medium  if  poor  quality  schist  can  be  avoided. 
Except  for  the  schist,  poorer  quality  rock  is  predominantly  in  the 
upper  elevations,  but  one  may  expect  to  remove  up  to  70  feet  of  mate- 
rial in  some  areas  before  competent  rock  is  reached.  A more  exten- 
sive investigation  will  be  required  to  identify  the  most  promising 
hard  rock  areas. 
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This  study  was  conducted  in  the  Concrete  Division  of  the  U.  S. 
Army  Engineer  Waterways  Experiment  Station  (WES)  under  the  sponsor- 
ship of  the  U.  S.  Air  Force  Space  and  Missile  Systems  Organization 
(SAMSO)  of  the  Air  Force  Systems  Command.  The  study  was  coordinated 
with  CPT  Rupert  G.  Tart,  Jr.,  SAMSO  Project  Officer,  Norton  Air  Force 
Base,  California.  The  work  was  accomplished  during  the  period  August 
1969  through  May  1970  under  the  general  supervision  of  Mr.  Bryant 
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Mather,  Chief,  Concrete  Division,  and  under  the  direct  supervision  of 
Messrs.  J.  M.  Polatty,  Chief,  Engineering  Mechanics  Branch;  W.  0. 
Tynes,  Chief,  Concrete  and  Rock  Property  ’ Section;  and  K.  L.  Saucier, 
Project  Officer.  Mr.  C.  R.  Hallford  was  responsible  for  the  petro- 
graphic work.  Mr.  Saucier  performed  the  majority  of  the  program 
analysis  and  prepared  this  report. 

Directors  of  the  WES  during  the  investigation  and  the  prepara- 
tion and  publication  of  this  report  were  COL  Levi  A.  Brown,  CE,  and 
COL  Ernest  D.  Peixotto,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 


4 


s 


CONTENTS 


ABSTRACT- 


FREFACE- 


CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT - 


CHAPTER  1 INTRODUCTION- 


1.1  Background 8 

1.2  Objective 8 

1.3  Scope 8 

1.4  Samples 9 

1.5  Report  Requirements 10 


CHAPTER  2 TEST  METHODS - 12 


Schmidt  Number 12 


2.2  Specific  Gravity - 


Indirect  Tension 12 


2.4  Direct  Tension 13 


2.5  Compressive  Strength  Tests- 


2.6  Dynamic  Properties l4 


2.7  Petrographic  Examination- 


CHAFTER  3 QUALITY  AND  UNIFORMITY  TESTS l6 


Tests  Utilized l6 

Poor  Quality  Rock 17 

Marginal  Material l8 


3.4  Good  to  Excellent  Quality  Rock 19 


CHAPTER  4 SPECIAL  TESTS - 22 


4.1  Comparative  Tensile  Tests , 22 

4.2  Elastic  Moduli 22 

4.3  Anisotropy  Tests 23 

4.4  Petrographic  Examination 25 

4.4.1  Samples 25 

4.4.2  Specimens  Selected 27 

4.4.3  Test  Procedure 28 

4.4.4  Results 29 

4.4.5  Summary 34 


CHAPTER  5 DISCUSSION  AND  CONCLUSIONS 


49 


5.1  Discussion 49 

5.2  Conclusions 50 

APPENDIX  A DATA  REPORT  - HOLE  W2-CR-1 , 21  AUGUST  1969 55 

APPENDIX  B DATA  REPORT  - HOLE  W2-CR-4,  25  AUGUST  1969 63 

APPENDIX  C DATA  REPORT  - HOLE  W2-CR-5,  26  AUGUST  1969 71 

APPENDIX  D DATA  REPORT  - HOLE  W2-CR-14,  28  AUGUST  1969 79 

APPENDIX  E DATA  REPORT  - HOIE  W2-CR-26,  20  AUGUST  1969 87 

REFERENCES 94 


CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT 


British  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  units  as  follows. 


Multiply 

By 

To  Obtain 

4 

inches 

25. 4 

millimeters 

feet 

0.3048 

meters 

feet  per  second 

0.3048 

meters  per  second 

pounds 

0.45359237 

kilograms 

pounds  per  square  inch 

0.070307 

kilograms  (force)  per  square 
centimeter 

6.894757 

kilonewtons  per  square  meter 

square  miles 

2.58999 

square  kilometers 
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CHAPTER  1 
INTRODUCTION 

1.1  BACKGROUND 

The  purpose  of  this  study  was  to  supplement  the  information 
being  obtained  for  the  area  evaluation  study  by  the  U.  S.  Air  Force 
Space  and  Missile  Systems  Organization  (SAMSO).  It  was  necessary  to 
determine  the  properties  of  the  specific  materials  for  evaluation  of 
the  area  as  a hard  rock  medium  and,  as  necessary,  for  design  of 
structures  in  the  medium.  Results  of  tests  on  cores  from  Natrona  and 
Fremont  Counties  in  Wyoming,  designated  the  Warren  II  area,  are  re- 
ported herein. 

1.2  OBJECTIVE 

The  objective  of  this  investigation  was  to  conduct  laboratory 
tests  on  samples  from  areas  containing  hard,  near-surface  rock  to 
determine  the  integrity  and  the  mechanical  behavior  of  the  materials 
as  completely  as  possible,  analyze  the  data  thus  obtained,  and  re- 
port the  results  to  appropriate  users. 

1.3  SCOPE 

Laboratory  tests  were  conducted  as  indicated  in  the  following 
paragraph  on  samples  received  from  the  field.  Table  1.1  gives  per- 
tinent information  on  the  various  tests. 
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Tests  conducted  to  determine  the  general  quality,  uniformity, 
and  integrity  of  the  rock  in  the  area  sampled  were:  (l)  relative 

hardness  (Schmidt  number),  (2)  specific  gravity,  (3)  unconfined  com- 
pression (conventional  and  cyclic  compression),  and  (4)  dynamic  elas- 
tic properties.  Special  tests  conducted,  respectively,  to  determine 
the  degree  of  anisotropy  of  the  sampled  rock  and  to  facilitate  com- 
parison of  results  of  direct  and  indirect  tensile  tests  were: 

(1)  dynamic  elastic  properties  along  three  mutually  perpendicular 
axes  and  (2)  tensile  strength.  A limited  petrographic  examination 
was  alro  made. 

1.4  SAMPLES 

Samples  were  received  from  firs  holes  in  the  Warren  II  area. 
These  holes  were  designated  W2-CR-1,  -4,  -5,  -l4,  and  -26.  All  sam- 
ples were  NX  size  cores  (nominal  2-l/8-inch^  diameter).  Test  speci- 
mens of  the  required  dimensions  as  presented  in  Table  1.1  were  pre- 
pared for  the  individual  tests.  Quality  and  uniformity  tests  were 
conducted  on  selected  specimens  from  all  holes.  Special  tests  were 
conducted  on  specimens  selected  from  the  various  core  holes  to  repre- 
sent differences  in  rock  type,  weathering,  etc. 


A table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  7- 
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1.5  REPORT  REQUIREMENTS 

The  immediate  need  for  the  test  results  required  that  data  re- 
ports be  compiled  and  forwarded  to  the  users  as  work  was  completed  on 
each  hole.  The  data  reports  of  the  individual  test  results  are  in- 
cluded herein  as  Appendixes  A through  E. 

The  core  descriptions  originally  given  in  the  data  reports  (Ap- 
pendixes A through  E)  were  frequently  taken  from  the  core  logs  re- 
ceived with  the  sample  shipments.  These  descriptions  have  been 
changed,  where  necessary,  to  reflect  the  results  of  the  petrographic 
examination  and  analysis  performed  at  a later  date. 
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TABLE  1.1  SUMMARY  OF  TESTS 


amplifiers  shear  velocities  bulk  moduli  and 

Poisson's  ratio 
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TEST  METHODS 


2.1  SCHMIDT  NUMBER 

The  Schmidt  number  is  a measure  of  the  relative  degree  of  hard- 
ness as  determined  by  the  degree  of  rebound  of  a small  mass  propelled 
against  a test  surface.  The  test  was  conducted  as  suggested  in  Ref- 
erence 1 (a  Swiss-made  hammer  was  used)  except  that  8 to  12  readings 
per  specimen  were  made.  The  average  of  these  readings  is  the  Schmidt 
number  or  relative  hardness.  The  hardness  is  often  taken  as  an  ap- 
proximation of  rock  quality,  and  may  be  correlated  with  other  physi- 
cal characteristics  such  as  strength,  density,  and  modulus. 

2.2  SPECIFIC  GRAVITY 

The  specific  gravity  of  the  "as-received"  samples  was  determined 
by  the  loss  of  weight  method  conducted  according  to  Method  CRD-C  107 
(Reference  2).  A pycnometer  is  utilized  to  determine  the  loss  of 
weight  of  the  sample  upon  submergence.  The  specific  gravity  is  equal 
to  the  weight  in  air  divided  by  the  loss  of  weight  in  water. 

2.3  INDIRECT  TENSION 

The  tensile  strength  was  determined  by  the  indirect  method,  com- 
monly referred  to  as  the  tensile  splitting  or  Brazilian  method,  in 
which  a tensile  failure  stress  is  induced  in  a cylindrical  test 
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specimen  by  a compressive  force  applied  on  two  diametrically  opposite 
line  elements  of  the  cylindrical  surface.  The  test  was  conducted 
according  to  Method  CRD-C  77  (Reference  2). 

2.4  DIRECT  TENSION 

For  purposes  of  comparison,  specimens  were  prepared  and  tested 
for  tensile  strength  according  to  the  American  Society  for  Testing 
and  Materials  (ASTM)  proposed  "Standard  Method  of  Test  for  Direct 
Tensile  Strength  of  Rock  Core  Specimens."  Tensile  splitting  tests 
were  conducted  on  specimens  cut  adjacent  to  the  direct  tensile  test 
specimens . 

For  the  direct  tension  tests , the  specimens  were  right  circular 
cylinders,  the  sides  of  which  were  straight  to  within  0.01  inch  over 
the  full  length  of  the  specimen  and  the  ends  of  which  were  parallel 
and  not  departing  from  perpendicularity  to  the  axis  of  the  specimen 
by  more  than  0.25  degree.  Cylindrical  metal  caps  were  cemented  to 
the  ends  of  the  specimen  and  provided  the  means  for  applying  the  di- 
rect tensile  load.  The  load  was  applied  continuously  by  a 30, 000- 
pound-  capacity  universal  testing  machine  and  at  a constant  rate  such 
that  failure  occurred  within  5 to  15  minutes. 

2.5  COMPRESSIVE  STRENGTH  TESTS 

The  unconfined  and  cyclic  compression  test  specimens  were  pre- 
pared according  to  ASTM  and  Corps  of  Engineers  standard  method  of 
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test  for  triaxial  strength  of  undrained  rock  core  specimens,  CRD-C 
147  (Reference  2).  Essentially,  the  specimens  were  cut  with  a dia- 
mond blade  saw,  and  the  cut  surfaces  were  ground  to  a tolerance  of 
0.001  inch  across  any  diameter  with  a surface  grinder  prior  to  test- 
ing. Electrical  resistance  strain  gages  were  utilized  for  strain 
measurements,  two  each  in  the  axial  (vertical)  and  horizontal  (diame- 
tral) directions.  Static  Young's,  bulk,  shear,  and  constrained  mod- 
uli were  computed  from  strain  measurements.  Stress  was  applied  with 
a 440, 000-pound-capacity  universal  testing  machine. 

2.6  DYNAMIC  PROPERTIES 

Compressional  and  shear  wave  velocities,  bulk,  shear,  and 
Young's  moduli,  and  Poisson's  ratio  were  determined  by  the  ASTM  pro- 
posed "Standard  Method  of  Test  for  Laboratory  Determination  of  Ultra- 
sonic Pulse  Velocities  and  Elastic  Constants  of  Rock."  The  method 
consisted  essentially  of  generating  a wave  in  the  specimen  with  a 
pulse  generator  unit  and  measuring,  with  an  oscilloscope,  the  time 
required  for  the  compression  and  shear  waves  to  travel  the  length  of 
the  specimen,  the  resulting  wave  velocity  being  the  distance  trav- 
eled divided  by  the  travel  time.  These  compressive  and  shear  veloc- 
ities, along  with  the  bulk  density  of  the  specimen,  were  used  to  com- 
pute the  elastic  properties. 

In  the  case  of  the  special  tests  used  to  determine  the  degree  of 
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anisotropy  of  the  samples,  compression  and  shear  velocities  were 
measured  along  two  mutually  perpendicular,  diametrical  (lateral)  axes 
and  along  the  longitudinal  axis.  This  was  facilitated  by  grinding 
four  l/2-inch-wide  strips  down  the  sides  of  the  cylindrical  surface 
at  90-degree  angles  and  generating  the  compressive  and  shear  waves 
perpendicular  to  these  ground  surfaces. 

2.7  PETROGRAPHIC  EXAMINATION 

A limited  petrographic  examination  was  conducted  on  samples  se- 
lected to  be  representative  of  the  material  from  the  several  holes. 
The  examination  was  limited  to  identifying  the  rock,  determining  gen- 
eral condition,  identifying  mineralogical  constituents,  and  noting 
any  unusual  characteristics  which  may  have  influenced  the  test 


results . 


CHAPTER  3 


QUALITY  AND  UNIFORMITY  TESTS 


3.1  TESTS  UTILIZED 

Based,  on  past  experience  with  tests  on  samples  received  from 
areas  previously  evaluated,1  the  following  tests  were  selected  for 
use  in  determining  the  quality  and  uniformity  of  the  Warren  II  area 
rock:  compressional  wave  velocity,  unconfined  compressive  strength, 

Schmidt  number,  and  specific  gravity. 

Core  samples  from  the  five  holes  in  the  Warren  II  area  were  pet- 
rographically  identified  as  predominantly  biotite  gneiss  and  granite. 
Several  specimens  of  the  core  were  identified  as  amphibolite  gneiss 
and  biotite  schist.  A few  of  the  granite  specimens  were  weathered. 
Scattered  specimens  from  many  of  the  holes  contained:  (l)  contact 

zones  between  the  granites  and  the  other  type  materials  and 
(2)  macrofractures,  some  open,  some  closed. 

Due  to  the  many  variables  which  influenced  the  testing,  it  was 
considered  expedient  to  group  the  test  results  according  to  compres- 
sive strength  as  given  below: 
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A list  of  associated  reports  is  given  on  the  inside  front  cover  of 
this  report. 


Group 


Rock  Quality 


Compressive 

Strength 


psi 

1 

Poor 

<8,000 

2 

Marginal 

8,000  to  12,000 

3 

Good  to  excellent 

12,000  and  above 

# 

3.2  POOR  QUALITY  ROCK 

The  incompetent  rock  (compressive  strength  less  than  8,000  psi) 
was  predominantly  schist  and  gneiss  as  given  below.  The  description 
denotes  the  field-given  names  unless  the  petrographic  work  dictated  a 
different  nomenclature . 




Hole 

Speci- 

Description 

Spe- 

Schmidt 

Compres- 

Compres- 

No. 

men 

cific 

No. 

sive 

sional 

No. 

Grav- 

Strength 

Wave 

ity 

Velocity 

psi 

fps 

W2-CR-4 

1+ 

3* 

Biotite  schist 

2.906 

— 

3,500 

8,995 

5 

Biotite  schist 

2.858 

— 

2,800 

11,625 

13 

Amphibolite 

gneiss3. 

2.916 

14.0 

1,210 

7,225 

15 

Amphibolite 

gneiss3. 

3.070 

21.8 

5,990 

11,675 

K j 

21 

Granite  gneiss 

2.986 

43.2 

6,240 

16,655 

si 

Average 

2.947 

26.3 

3,950 

11,235 

gravity  results  for  this  area  vould  not  necessarily  be  a good  indi- 
cator of  rock  quality.  For  example,  the  specific  gravity  results  in 


the  above  tabulation  are  very  high  for  rock,  but  the  other  physical 


tests  indicate  rather  incompetent  material. 

Poor  quality  rock  comprised  10  percent  of  the  material  tested. 

It  should  be  noted  also  that  the  amount  of  poor  quality  rock  is  prob- 
ably exaggerated  with  respect  to  the  number  of  samples  received  for 
testing  since  preference  was  given  in  selecting  test  samples  to  spec- 
imens which  contained  defects  or  disparities. 

3 . 3 MARGINAL  MATERIAL 

A second  small  group  of  test  specimens  yielded  compressive  re- 
sults which  may  be  termed  marginal  (compressive  strength  8,000  to 
12,000  psi) . 


Hole 

No. 

Speci- 

men 

No. 

Description 

Spe- 

cific 

Grav- 

ity 

Schmidt 

No. 

Compres- 

sive 

Strength 

Compres- 

sional 

Wave 

Velocity 

psi 

fps 

W2-CR-4 

1 

Granite  gneiss 

2.633 

55-8 

8,400 

17,140 

1 6 

Granite  gneiss 

2.589 

-- 

10,650 

16,185 

(Continued ) 
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Hole 

No. 

Speci- 

men 

No. 

Description 

Spe- 

cific 

Grav- 

ity 

Schmidt 

No. 

Compres- 

sive 

Strength 

Compres- 

sional 

Wave 

Velocity 

psi 

fps 

W2-CR-4 

17 

Amphibolite 

gneiss8- 

3-095 

— 

9,170 

16,055 

W2-CR-5 

2 

Biotite  gneiss 

2.655 

32.1 

b 

__b 

7 

Biotite  gneiss 

2.670 

57-8 

11,510 

19,300 

11 

Biotite  gneiss 

2.704 

46.8 

10,940 

17,205 

W2-CR-1U 

1 

Weathered 

granite 

2.620 

40.3 

11,340 

8,590 

Average 

2.709 

46.6 

10,335 

15,745 

k Petrographic  description. 

Specimen  broke  during  preparation. 


Although  the  strength  results  indicate  the  rock  quality  to  be 
marginal,  the  Schmidt  number  and  the  compressional  wave  velocity  re- 
sults are  not  definitive.  However,  it  should  be  noted  that  the 
nature  of  fractures  detrimentally  affecting  the  strength,  primarily 
banding,  would  not  necessarily  affect  the  relative  hardness  or  veloc- 
ity if  the  bands  were  very  tight,  as  apparently  they  were. 

3.1+  GOOD  TO  EXCELLENT  QUALITY  ROCK 

Most  of  the  rock  described  as  intact  gneiss  or  granite  was  good 
to  excellent  quality  material,  depending  on  the  strengths  obtained. 
Results  are  given  as  follows. 
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Description 


Hole  Speci- 

No . men 

No. 


Spe-  Schmidt  Corapres-  Compres- 

cific  No.  sive  sional 

Grav-  Strength  Wave 

ity  Velocity 


psi 

fp8 

2 

Diorite,  critically  fractured 

2.764 

__ 

12,420 

15  ,730 

3 

Granite  porphyry8. 

2.736 

— 

21,210 

20,400 

4 

Granite  porphyry 

2.652 

61.8 

22,580 

20,705 

5 

Granite  porphyry,  incipient  fracture 

2.729 

6l.l 

18,180 

20,610 

8 

Granite  porphyry,  incipient  fracture 

2.655 

63.2 

31,060 

20,760 

9 

Granite  porphyry 

2.767 

6l. u 

25,000 

20,730 

10 

Granite  porphyry,  incipient  fracture 

2.639 

60.8 

35,760 

20,850 

ll 

Pink  granite,  fine  grained 

2.635 

— 

48, 180 

20,^35 

12 

Granite  porphyry 

2.649 

— 

28,030 

20,240 

15 

Granite  porphyry8 

2.739 

59.2 

24,240 

20,610 

20 

Granite  porphyry,  fractured 

2.671 

60.7 

13,640 

20,055 

23 

Granite  porphyry8 

2.681 

64.2 

21,670 

20,155 

10 

Amphibolite  gneiss 

3.024 

58.8 

25,860 

22,715 

12 

Amphibolite  gneiss8 

3-014 

19,520 

21,865 

18 

Granite 

2.684 

— 

15,950 

18,195 

22 

Granite 

2.670 

60.4 

25,380 

19,795 

9 

Biotite  gneiss 

2.677 

60.8 

20,480 

18,505 

14 

Biotite  gneiss 

2.726 

U5 .6 

22,090 

18,095 

18 

Biotit o gneiss 

2.691 

— 

22,120 

19,820 

19 

Biotite  gneiss,  vertically  fractured 

2.691 

57.2 

18,180 

19,945 

20 

Biotite  gneiss,  vertically  fractured 

2.728 

— 

12,550 

19,430 

21 

Biotite  gneiss 

2.732 

58.4 

21,340 

20,235 

22 

Biotite  gneiss 

2.703 

56.3 

16,300 

20,085 

5 

Slightly  weathered  granite 

2.640 

56.6 

22,790 

18,655 

7 

Slightly  weathered  granite 

2.640 

— 

20,910 

18,630 

8 

Slightly  weathered  granite 

2.644 

56.2 

22,510 

18,575 

10 

Slightly  weathered  granite 

2.644 

56.0 

21,400 

18,425 

14 

Slightly  weathered  granite 

2.639 

— 

17,300 

18,875 

16 

Unweathered  granite 

2.645 

61.3 

24,360 

18,935 

19 

Unweathered  granite 

2.646 

60.1 

21,880 

18,110 

21 

Unweathered  granite 

2.641 

61.5 

23,880 

19,140 

2 

Vertically  fractured  granite 

2.645 

— 

28,700 

18,225 

3 

Vertically  fractured  granite 

2.668 

— 

27,270 

17,280 

5 

Intact  granite 

2.648 

52.8 

29,700 

19,415 

6 

Intact  granite 

2.648 

49.8 

28,790 

18,760 

9 

Intact  granite 

2.636 

48.7 

25,230 

18,140 

10 

Intact  granite 

2.630 

48.6 

31,670 

18,660 

14 

Intact  granite 

2.639 

49.9 

30,080 

18,560 

18 

Intact  granite 

2.636 

49.8 

30,160 

18,000 

Average 

2.691 

57.1 

23,800 

19,395 

W2-CR-1 


W2-CR-4 


W2-CR-5 


W2-CR-14 


W2-CR-26 


Petrographic  description. 
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Only  six  of  the  specimens  yielded  compressive  strengths  of  less 
than  18,000  psi,  the  lower  limit  of  what  may  be  considered  excellent 
quality  rock.  The  remainder  of  the  specimens,  representing  66  per- 
cent of  the  specimens  tested  from  this  area,  gave  strengths  approxi- 
mating 25,000  psi — an  acceptable  level  of  confidence  for  the  better 
rock.  Compressional  wave  velocities  were  sufficiently  high  to  indi- 
cate few,  if  any,  flaws  in  the  good  to  excellent  quality  material. 


CHAPTER  4 


SPECIAL  TESTS 

4.1  COMPARATIVE  TENSILE  TESTS 

Five  NX-diameter  rock  specimens  were  selected  to  represent  the 
variation  of  rock  type  and  weathering  present  in  the  core.  The  spec- 
imens were  prepared  and  tested  for  tensile  strength  according  to  the 
ASTM  proposed  "Standard  Method  of  Test  for  Direct  Tensile  Strength  of 
Rock  Core  Specimens.”  For  comparative  purposes,  tensile  splitting 
tests  were  conducted  on  specimens  cut  adjacent  to  the  direct  tensile 
test  specimens.  Results  are  given  in  Table  4.1.  Generally,  the  di- 
rect tensile  strength  averaged  approximately  80  percent  of  the  ten- 
sile splitting  strength.  The  gneiss  and  the  brown  (possibly  weath- 
ered) granite  yielded  strengths  significantly  lower  than  the  better 
granite. 

4.2  ELASTIC  MODULI 

Samples  representative  of  the  different  materials  in  each  hole 
were  selected  for  deformation  moduli  tests  for  the  data  reports. 

After  dynamic  tests  were  completed,  a portion  of  each  sample  was  pre- 
pared for  static  testing.  Static  moduli  were  computed  from  measure- 
ments taken  from  electrical  resistance  strain  gages  affixed  to  the 
specimens.  Results  are  given  in  Table  4.2. 

The  poor  and  marginal  quality  rock  yielded  very  erratic  moduli 
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determinations.  This  is  not  unexpected  in  an  anisotropic  rock  since 
the  strain  gages  would  not  necessarily  average  the  strains  over  a 
fractured  or  composite  material.  The  moduli  of  the  more  competent 
core  were  indicative  of  relatively  brittle,  rigid  rock. 

Examination  of  the  stress-strain  curves  in  the  data  reports 
reveals  that  the  intact  granite  is  predominantly  linear-elastic  to 
approximately  half  of  the  ultimate  strength.  However,  significant 
hysteresis  and  residual  strain  are  evident  in  most  of  the  gneiss 
specimens  even  under  small  stresses.  Some  erratic  behavior  occurred 
on  several  specimens  in  which  the  strain  gages  had  apparently  been 
placed  over  fractures  or  contact  zones.  The  fact  that  slippage  oc- 
curred prior  to  ultimate  failure  is  evidence  that  many  of  the  frac- 
« tures  and  contacts  were  very  tight. 

4.3  ANISOTROPY  TESTS 

To  determine  the  degree  of  anisotropy,  five  rock  specimens  were 
selected  and  prepared  for  determination  of  compression  (dilatational) 
and  shear  velocities  in  three  directions  according  to  the  ASTM  pro- 
posed "Standard  Method  of  Test  for  Laboratory  Determination  of  Ultra- 
sonic Pulse  Velocities  and  Elastic  Constants  of  Rock."  The  NX- 

I 

diameter  specimens  were  cut  to  lengths  of  approximately  2 inches  and 

r 

ground  on  the  ends  to  a tolerance  of  0.001  inch.  Four  l/2-inch-wide 
strips  were  also  ground  down  the  sides  of  the  cylindrical  surface  at 
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90-degree  angles.  Compressive  and  shear  velocities  were  determined 
in  three  directions,  on  one  vertical  and  two  mutually  perpendicular 
lateral  axes.  The  velocities,  densities,  and  dimensions  were  meas- 
ured as  specified  in  the  proposed  test  method.  Results  of  the  veloc- 
ity determinations  are  given  in  Table  4.3 . 

All  of  the  material  yielded  compressive  and  shear  velocities 
indicative  of  competent  rock.  The  shear  velocities  consistently 
averaged  approximately  60  percent  of  the  compressive  velocities. 
Specimen  W2-CR-5-16,  described  as  quartz  biotite  gneiss,  yielded  ve- 
locities which  would  indicate  a high  degree  of  anisotropy  in  the 
gneissic  material  from  this  area. 

A compilation  of  the  elastic  properties  computed  from  the  com- 
pressive and  shear  velocities  and  the  specific  gravity  is  given  in 
Table  4.4.  However,  discretion  must  be  used  in  utilizing  the  moduli 
results  since  experimental  errors  are  introduced  when  the  differences 
in  velocities  are  significant.  The  proposed  ASTM  test  method  states 
that  the  equations  for  computation  of  elastic  moduli  should  not  be 
used  if  "any  of  the  three  compressions!  wave  velocities  varies  by 
more  than  2 percent  from  their  average  value.  The  error  in  E and  G 
due  to  both  anisotropy  and  experimental  error  then  does  not  exceed 
6 percent."  Naturally,  the  effect  of  the  error  is  compounded  by 
greater  differences  in  the  three-directional  velocity  measurements. 
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4.4  PETROGRAPHIC  EXAMINATION 


4.4.1  Samples.  Five  boxes  of  NX  core  from  holes  in  Fremont 
and  Natrona  Counties,  Wyoming,  were  received  in  August  1969  for  test- 
ing. Each  box  contained  about  15  feet  of  core  which  represented  sev- 
eral depths  to  200  feet . 

The  cores  were  inspected  to  select  representative  pieces  from 
all  significant  rock  types  for  petrographic  examination.  The  cores 
are  described  below: 

Hole  W2-CR-1.  The  core  was  brownish-gray  and  white,  coarse- 
grained rock,  logged  as  granite  porphyry;  gray  and  white  medium- 
grained rock,  logged  as  diorite;  and  pink,  fine-grained  rock,  logged 
as  fine-grained  granite.  The  entire  core  appeared  to  be  unweathered 
and  very  massive.  A few  high-angle  fractures  were  present. 

Sections  1,  3 through  10,  12  through  17,  and  20  through  26  were 
light  brownish-gray,  coarse-grained  porphyritic  rock.  This  rock  con- 
tained medium-grained  phases  that  appeared  to  be  assimilated  diorite . 

Sections  11,  18,  and  19  were  pink,  fine-grained  rock  which  was 
logged  as  granite. 

Section  2 was  diorite,  which  may  have  been  assimilated  by  the 
granite . 

Hole  W2-CR-4.  There  were  three  rock  types  in  this  hole : a 

biotite  schist,  an  amphibole  gneiss,  and  a coarse-grained  rock  logged 
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as  granite.  Sections  1 through  6 were  weathered  and  the  rest  of  the 
sections  were  fresh. 

Sections  2 through  6 were  weathered,  medium-grained  biotite 
schist.  The  biotite  was  slightly  altered  to  chlorite.  This  rock 
contained  several  randomly  oriented  fractures. 

Sections  1,  9,  16,  l8,  21,  and  22  were  pink  and  white,  coarse- 
grained, massive  rock. 

Sections  7,  8,  10  through  15,  17,  19  > an(i  20  were  black  and 
white,  medium-grained  amphibolite  gneiss.  There  were  a few  fractures 
and  joints  present. 

Hole  W2-CR-5.  The  entire  core  was  fine-  to  coarse-grained  bio- 
tite gneiss  and  schist. 

Sections  1 through  13  were  fine-grained  biotite  gneiss  and  the 
remainder  of  the  core  was  coarse-grained  biotite  schist  and  gneiss. 

Section  15  contained  a granitic  inclusion.  Most  of  the  sections 
contained  minor  sealed  fractures. 

Hole  W2-CR-14.  The  entire  core  was  brownish-gray,  coarse- 
grained rock,  logged  as  granite. 

Sections  1 through  8 were  weathered.  Fractures  were  not  common 
in  these  sections  or  in  the  remainder  of  the  core . 

Hole  W2-CR-26.  The  entire  core  was  brownish-gray,  coarse- 
grained rock,  logged  as  granite.  All  sections  were  fresh  and  only 
Sections  2 and  3 contained  fractures. 
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4.4.2  Specimens  Selected.  The  specimens  selected  for  petro- 
graphic examination  were: 


Hole 

No. 

CD 

Serial 

No. 

Speci- 

men 

No. 

Approx- 

imate 

Depth 

Rock  Description  (Colors 
According  to  Reference  3) 

W2-CR-1 

SAMSO-8,  DC-1 

11 

feet 

90 

Pale  red  (10R  6/ 2)  aplite 

21 

168 

Light  brownish-gray  (5YR 
6/l)  and  white  (N9)  to 
light  brownish-gray  (5YR 
6/ 1)  and  black  (Nl) 
tonalite 

26 

200 

Light  brownish-gray  (5YR 
6/l)  and  white  (N9) 
granite 

W2-CR-4 

SAMSO-8,  DC-3 

6 

68 

Greenish-black  (5G  2/l) 
hornblende-biotite  schist 

8 

103 

Greenish-black  (5GY  2/l) 

homblende-plagioclase 

gneiss 

9 

109 

Grayish-pink  (SR  8/2) 
tonalite  pegmatite 

20 

182 

Black  (Nl)  amphibolite 
gneiss 

W2-CR-5 

SAMSO-8,  DC -4 

6 

57 

Medium  gray  (N5)  biotite 
gneiss 

15 

130 

Greenish-black  (5GY  2/l) 
biotite  schist 

(Continued) 
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Hole 

No. 

CD 

Serial 

No. 

Speci- 

men 

No. 

Approx- 

imate 

Depth 

Rock  Description  (Colors 
According  to  Reference  3) 

W2-CR-14 

SANE 0-8,  DC-5 

12 

feet 

123 

Light  gray  (N7)  and  dark 
yellowish-orange  (10YR 
6/6)  granite 

W2-CR-26 

SAM30-8,  DC-2 

17 

173 

Medium  light  gray  (N6)  and 
white  (N9)  granite 

4.4, 

.3  Test  Procedure.  Each 

piece  of 

core  was  sawed  axially. 

One  sawed  surface  of  each  piece  was  polished  and  photographed.  Com- 
posite samples  were  obtained  from  the  whole  length  or  from  selected 
portions  from  the  remaining  half  of  each  piece.  The  composite  sam- 
ples were  ground  to  pass  a No.  325  sieve  (U4wl) . X-ray  diffraction 
(XRD)  patterns  were  made  of  each  sample  as  a tightly  packed  powder. 

All  XRD  patterns  were  made  using  an  XRD-5  diffractometer  with  nickel- 
filtered  copper  radiation.  The  samples  X-rayed  are  listed  as  follows: 


Hole  No.  Specimen 

No. 

W2-CR-1  11 

21a 
21b 
26 


Description  of  X-Ray  Sample 

Entire  length  of  core  was  sampled 
Coarse-grained  half  was  sampled 
Medium-grained  half  was  sampled 
Entire  length  was  sampled 


(Continued) 


Hole  No. 

Specimen 

No. 

Description  of  X-Ray  Sample 

W2-CR-4 

6 

Entire  length  was  sampled 

8 

Entire  length  was  sampled 

9 

Entire  length  was  sampled 

20 

Entire  length  was  sampled 

W2-CR-5 

6 

Entire  length  was  sampled 

15 

Entire  length  except  for  granitic 
inclusion  was  sampled 

W2-CR-14 

12 

Entire  length  was  sampled 

W2-CR-26 

17 

Entire  length  was  sampled 

Small  portions  of  the  powdered  samples  were  tested  with  dilute 
hydrochloric  acid  and  with  a magnet  to  determine  whether  carbonate 
minerals  or  magnetite  were  present. 

The  polished  surface  of  each  section  was  examined  with  a stereo- 
microscope. Thin  sections  were  prepared  from  each  section  of  core 
and  examined  with  a polarizing  microscope.  A point-count  modal  anal- 
ysis was  made  on  each  thin  section,  in  which  500  points  were  counted. 

4.4.4  Results.  The  cores  examined  from  the  Warren  II  area  can 
be  divided  into  five  groups:  porphyritic  granites  (Reference  4), 

tonalites  (Reference  4),  aplite  granites  (Reference  4),  biotite 
gneisses  and  schists,  and  amphibolite  schists  and  gneisses.  The 
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cores  were  taken  from  pre-Cambrian  rocks  in  the  Sweet  Water  or  Gran- 
ite Mountains  uplift  (Reference  5)  of  central  Wyoming,  and  are  very 
similar  to  the  Sherman  Granite  Facies  (Reference  6)  of  the  southern 
Laramie  Range.  The  rock  types  are  discussed  below.  The  modal  com- 
position of  each  type  is  shown  in  Table  4.5  and  the  bulk  composition 
by  X-ray  diffraction  in  Table  4.6. 

Granites . Cores  W2-CR-14  and  -26  and  parts  of  Core  W2-CR-1 
were  granites  which  contained  phenocrysts  of  microcline,  perthite, 
and  microperthite  in  a coarse-grained  matrix  of  equigranular  quartz, 
plagioclase,  and  biotite  (Figures  4.1  and  4.2).  The  phenocrysts  had 
a maximum  diameter  of  1.5  inches  and  were  euhedral  to  subhedral.  The 
microcline  was  unaltered,  while  plagioclase  was  usually  severely  al- 
tered to  sericite.  Biotite  was  slightly  altered  to  chlorite.  Pri- 
mary flow  structures  were  not  detected  in  any  of  the  sections. 

Microfractures  were  common  in  the  granites  and  were  prominent  in  the 
phenocrysts  of  potash  feldspar.  Alteration  of  the  minerals  was 
greatest  along  these  fractures. 

Section  26  of  Core  W2-CR-1  was  ty^-ical  of  the  granite  in  this 
core.  The  plagioclase,  containing  18  percent  anorthite,  was  moder- 
ately altered  to  sericite;  the  microcline  was  not  altered.  The 
quartz  had  been  strained  and  fractured,  and  hematitic  stain  had  been 

f*. 

introduced  along  the  fractures,  giving  the  quartz  and  the  rock  an  un- 
usual brown  color. 
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Section  12  of  Core  W2-CR-14  contained  more  microcline  than  the 
other  two  granite  sections,  but  the  texture  and  degree  of  alteration 
are  similar  to  Section  26  of  W2-CR-1.  The  majority  of  the  plagioclase 
was  oligoclase,  except  for  the  plagioclase  in  the  perthite,  which  was 
very  fresh  andesine  containing  33  percent  anorthite. 

Section  17  of  Core  W2-CR-26  was  similar  to  Section  26  of  W2-CR-1, 
except  that  it  was  more  altered.  Plagioclase  and  biotite  were  often 
broken  and  severely  altered.  Microcline  did  not  show  the  effects  of 
the  alteration. 

Tonalites . Tonalites  (parts  of  Cores  W2-CR-1  and  -4)  were  less 
abundant  than  granites  and  were  not  porphyritic  (Figure  4.3).  The 
tonalites  were  identified  on  the  field  logs  as  granites.  They  were 
classified  in  this  investigation  as  tonalites  (Reference  4)  because 
they  contained  more  plagioclase  than  the  granites  and  more  plagio- 
clase than  microcline.  Plagioclase  comprised  about  40  percent  of  the 
rock,  with  microcline  and  quartz  comprising  about  28  percent  each. 
Biotite  was  the  dominant  ferromagnesian  mineral  in  the  rocks. 

Section  21  of  Core  W2-CR-1  was  medium-  to  coarse-grained  bio- 
tite tonalite  (Figure  4.3).  The  medium-grained  part  of  the  section 
contained  more  biotite  than  the  coarse-grained  part  and  was  darker 
in  color.  The  medium-grained  part  (21b)  had  a weak  planar  structure 
that  dipped  at  about  45  degrees  from  the  vertical  (Figure  4.3).  This 
structure  was  not  apparent  in  the  coarse-grained  part  (21a).  Aside 


from  the  slight  difference  in  amount  of  biotite  (Table  4.5),  the  two 
parts  of  the  section  had  similar  compositions. 

The  microcline  was  very  fresh  and  was  perthitic.  The  quartz  had 
been  severely  strained  and  fractured.  The  plagioclase  was  severely 
altered  to  sericite.  The  degree  of  alteration  increased  in  the 
medium-grained  part  of  the  section. 

Section  9 of  Hole  W2-CR-4  was  typical  of  the  tonalite  in  this 
hole  and  was  markedly  different  from  the  tonalite  in  Hole  W2-CR-1 
(Figure  4.3).  It  was  very  coarse-grained  and  contained  a trace  of 
biotite  and  bands  of  garnet.  The  plagioclase  contained  33  percent 
anorthite  and  was  more  calcic  than  the  plagioclase  in  the  other  ton- 
alites.  The  rock  may  be  a dike  rock. 

Aplite  Granites.  Parts  of  Core  W2-CR-1  were  accurately  identi- 
fied on  the  field  log  as  fine-grained  granite.  Their  equigranular 
texture  and  the  absence  of  dark  minerals  cause  them  to  be  classified 
as  aplite  granites  in  the  Shand  system  (Reference  4).  Section  11  of 
Core  W2-CR-1  was  representative  of  this  rock  type.  Its  composition 
was  similar  to  that  of  Section  12  of  Core  W2-CR-14  (granite),  but  it 
was  fine-grained  (Figure  4.4),  and  had  a cataclastic  texture.  This 
rock  may  have  been  originally  similar  to  that  granite  but  was  later 
granulated.  The  minerals  are  altered  and  the  grain  boundaries  are 
sutured . 

Amphibolites . Parts  of  Core  W2-CR-4  were  rocks  which  ranged 


from  hornblende-mica  to  hornblende-plagioclase  rocks  (Figures  4.5 


and  4.6) . Euhedral  to  subhedral  hornblende,  near  to  edenite,  was  the 
predominant  mineral  in  these  rocks.  All  were  medium-grained,  foli- 
ated, and  fairly  dark  colored.  The  hornblende  showed  only  slight 
alteration  to  chlorite. 

Section  6 of  Core  W2-CR-4  was  very  porous  and  severely  weathered. 
It  contained  a large  amount  of  highly  altered  biotite  and  no  plagio- 
clase  or  quartz.  The  biotite  was  altered  to  chlorite  but  the  horn- 
blende was  very  fresh.  There  were  many  fractures  at  random  angles 
(Figure  4.5). 

Section  8 of  Core  W2-CR-4  was  similar  to  Core  W2-CR-4,  Section 
20  (described  i next  paragraph),  but  contained  less  quartz  and  a 
less  calcic  andesine  plagioclase  (An^g).  The  hornblende  was  very 
fresh  and  the  plagioclase  was  severely  altered  to  sericite.  High- 
angle  and  horizontal  fractures  were  present.  A pegmatite  dike  fol- 
lowed an  earlier  high-angle  fracture. 

Section  20  of  Core  W2-CR-4  contained  a calcic  plagioclase  (ande- 
sine containing  47  percent  anorthite)  that  was  severely  altered  to 
sericite.  Quartz  was  present  as  interstitial  grains  that  exhibited 
straight  extinction.  There  were  several  horizontal  fractures  that 
paralleled  the  schistosity.  A quartz  vein  cut  the  rock  at  an  angle 
of  about  40  degrees  from  the  vertical  (Figure  4.6). 

Biotite  Gneisses  and  Schists.  The  majority  of  the  sections  of 
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Core  W2-CR-5  were  fine-  to  coarse-grained  biotite,  plagioclase  gneiss 
(Figure  4.7).  A few  scattered  sections  of  biotite  schist  were  pres- 
ent in  the  core.  The  gneisses  were  very  fresh  while  the  schists  were 
severely  altered. 

Section  6 of  Hole  W2-CR-5  was  typical  of  the  gneiss.  It  had  a 
well-developed  nearly  horizontal  foliation  that  was  paralleled  by 
numerous  sealed  fractures  (Figure  4.7).  The  plagioclase  was  fresh 
oligoclase  (Arig).  Quartz  appeared  unstrained,  not  fractured,  and  ex- 
hibited straight  extinction.  Biotite  was  very  fresh. 

Section  15  of  Hole  W2-CR-5  was  a coarse-grained  biotite,  quartz 
schist  in  which  the  biotite  altered  to  chlorite  (Figure  4.7). 

Quartz  formed  composite  grains,  with  straight  extinction  and  non- 
sutured  borders , which  suggested  recrystallization  of  the  quartz . 

4.4.5  Summary.  Petrographic  examination  of  eleven  sections  of 
core  from  five  holes  in  the  Sweetwater  Mountains  area  of  central 
Wyoming  revealed  that  five  rock  types  were  represented:  granite 

porphyry,  tonalite,  aplite  granite,  amphibolite,  and  biotite  gneiss 
and  schist.  The  granites  and  gneisses  were  the  most  abundant  rock 
types  in  the  cores.  Differences  in  compressive  trength  and  elastic 
properties  among  the  rocks  of  each  type  seem  to  have  arisen  from  the 
number  and  inclination  of  fractures,  whether  the  fractures  were  open 
or  sealed,  and  degree  of  alteration  due  to  weathering.  The  mineral 
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compositions  are  summarized  in  Tables  4.5  and  4.6,  and  the  sections 
examined  are  illustrated  in  Figures  4.1  through  4.7. 


TABLE  4.1  TENSILE  STRENGTH  DETERMINATIONS 


Hole  No. 

Specimen 

Depth 

Tensile  Strength 

Rock  Type 

No . 

Splitting 

Direct 

Direct/ 

Splitting 

feet 

psi 

psi 

percent 

W2-CR-1 

24 

192 

1,110 

1,030 

93 

Porphyritic 

granite 

W2-CR-5 

16 

137 

555 

300 

54 

Quartz  bio- 
tite  gneiss 

W2-CR-14 

3 

44 

665 

610 

92 

Brown 

granite 

W2-CR-14 

17 

170 

990 

720 

72 

Gray  granite 

W2-CR-26 

13 

133 

1,180 

1,090 

92 

Gray  granite 

Average  80 


! 


I 

i j 
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TABLE  4.2  ELASTIC  MODULI  RESULTS 
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TABLE  t* . 3 VELOCITY  DETERMINATIONS 


Velocity^ 


Compressional 


Shear 


fps  fps 

Hole  W2-CR-1,  Specimen  24: 


Porphyritic  granite 

21,380 

11,530 

Depth : 192  feet 

20,580 

11,920 

Specific  gravity:  2.68 

Compressive  deviation.  2.1  pet 

20,870 

11,940 

Average 

20,940 

11,800 

Hole  W2-CR-5,  Specimen  1(  : 

Quartz  biotite  gneiss 

18,660 

11,820 

Depth:  137  feet 

20,890 

11,030 

Specific  gravity:  2.77 

15,520 

9,960 

Compressive  deviation:  15.5  pet 

Average 

18,360 

10,940 

Hole  W2-CR-14,  Specimen  3= 

Brown  granite 
Depth:  44  feet 

20,130 

11,240 

19,320 

11,090 

10,760 

Specific  gravity:  2.68 

18,850 

Compressive  ieviation:  3-6  pet 

Average 

19,1*30 

11,030 

Hole  W2-CR-14  , Specimen  17: 

Gray  granite 

18,830 

11,360 

Depth : 170  feet 

18,210 

10,360 

Specific  gravity:  2.69 

17,800 

10,430 

Compressive  deviation:  3-0  pet 

Average 

18,280 

10,720 

Hole  W2-CR-26,  Specimen  13: 

Gray  granite 

18,680 

11,070 

Depth:  133  feet 

19,120 

10,370 

Specific  gravity:  2.68 

17,850 

10,490 

Compressive  deviation:  3-8  pet 

Average 

18,550 

10,640 

First  velocity  listed  is  in  axial  (longitudinal)  direction;  other  two  are  on 
mutually  perpendicular,  diametral  (lateral)  axes. 
b Maximum  percent  deviation  from  the  average  of  the  compressional  wave  velocity. 


L 
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TABLE  4.1+  ELASTIC  PROPEKTIES 


Hole  No. 

Specimen 

No. 

Moduli 

Poisson's 

Ratio 

Young's 

Bulk 

Shear 

lO^  psi 

10^  psi 

10^  psi 

W2-CR-1 

24 

12.40 

10.10 

4.80 

0.30 

12.80 

8.44 

5.13 

0.25 

12.90 

8.87 

5.15 

0.26 

Average 

12.70 

9.14 

5.03 

0.27 

W2-CR-5 

1 6 

12.10 

6.06 

5.22 

0.17 

11.80 

10.20 

4.55 

0.15 

8.52 

4.06 

3.70 

0.31 

Average 

10.81 

6.77 

4.49 

0.21 

W2-CR-14 

3 

11.60 

8.55 

4.56 

0.27 

11.10 

7.56 

4.44 

0.25 

10.50 

7.24 

4.18 

0.26 

Average 

11.07 

7.78 

4.39 

0.26 

17 

11.30 

6.6  0 

4.68 

0.21 

9.80 

6.82 

3.89 

0.26 

9.76 

6.22 

3.94 

0.24 

Average 

10.29 

6.55 

4.17 

0.24 

W2-CR-26 

13 

10.80 

6.6  9 

4.42 

0.23 

10.00 

8.02 

3.88 

0.29 

9.82 

6.21 

3-97 

0.24 

Average 

10.21 

6.97 

4.09 

0.25 
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TABLE  L.5  MODAL  COMPOSITION  OF  ROCKS  FROM  WARREN  II 
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Figure  4.1  Granite  specimen.  Core  W2-CR-1,  Section  26,  showing 
typical  porphyritic  texture  of  the  granites  from  the  Warren  II 
area.  White  specks  near  the  black  biotite  are  kaolinite.  The 
large  fractured  grains  are  phenocrysts  of  microcline. 


! Granite  specimens,  Cores  W2-CR-26,  Section  17,  and 
Section  12.  W2-CR-26,  Section  17,  shows  lack  of  por. 

exture.  Minute  white  lines  are  fractures.  W2-CR-14 
• , is  sheared  and  altered  granite.  Gray  areas  are 
tained  quartz.  White  specks  are  kaolinite. 


i T a!  jk'JIv  vs  ft  ? 

SUwAi1 

IHTT1  ^ByTiif  ^ 

Figure  4.3  Tonalite  specimens,  Cores  W2-CR-4,  Section  9>  and 
W2-CR-1,  Section  21.  W2-CR-4,  Section  9>  is  coarse-grained 

tonalite.  Dark  band  to  the  left  of  center  is  a garnet  band 
along  a sealed  fracture.  White  lines  are  partially  sealed 
fractures.  The  left  portion  of  W2-CR-1,  Section  21  (desig- 
nated 21a  in  Tables  4.5  and  4.6),  is  coarse-grained  porphy- 
ritic  tonalite  with  phenocrysts  of  microcline.  The  right 
portion  (21b)  is  medium-grained,  biotite-rich  tonalite,  with 
biotite  defining  a strong  foliation.  Small  white  rhombs  are 
kaolinite. 


Figure  4.5  Amphibolite  specimens,  Core  W2-CR-4,  Sections  6 
and  8.  Section  6 is  weathered  hornblende-biotite  schist  with 
well-developed  schistose  structure.  Section  8 is  hornblende- 
plagioclase  gneiss.  Schistosity  is  in  the  same  plane  as  that 
in  Section  6.  Fractures  are  at  right  angles  and  also  serve 
as  zone  of  weakness  along  which  the  quartz  dike  intruded. 
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Figure  4.6  Amphibolite  specimen,  Core  W2-CR-4,  Section  20, 
showing  horizontal  foliation  and  nearly  parallel  fractures. 
Quartz  dike  (right)  cuts  the  foliation. 
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Figure  4.7  Biotite  gneiss  and  schist  specimens,  Core  W2-CR-5, 
Sections  6 and  15.  Section  6 is  highly  fractured,  well- 
foliated  gneiss.  Small  white  lines  are  fractures.  Section  15 
is  highly  fractured  schist.  White  lines  are  partially  sealed 
fractures.  This  rock  may  be  an  inclusion  in  the  gneiss. 


CHAPTER  5 


DISCUSSION  AND  CONCLUSIONS 


5.1  DISCUSSION 

The  wide  area  covered  by  the  drill  holes  from  which  core  was 

taken  (delineated  in  Figure  5*1)  and  the  complex  nature  of  the  rock 

preclude  assessment  of  the  area  on  a geographical  basis.  The  area  is 

2 

approximately  1,200  mi  . The  core  is  predominantly  pink  to  gray  gra- 
nitic igneous  rock;  however,  variations  in  grain  size,  mineral  con- 
stituents, and  degree  of  fracturing  and  weathering  of  the  granite  and 
the  presence  of  several  other  rock  types  prevent  classification  as  a 
uniform  material.  A rock  quality  chart  based  on  compressive  strength 
divided  into  three  categories  (poor,  marginal,  and  good  to  excellent) 
was  prepared  (Figure  5*2).  Except  in  Hole  W2-CR-U,  which  contained 
very  incompetent  gneiss  and  schist  scattered  throughout , marginal 
quality  rock  occurs  predominantly  near  the  top  of  the  holes,  i.e., 
down  to  depths  of  60  to  70  feet. 

As  mentioned  previously,  the  physical  properties  are  expectedly 
quite  variable,  in  such  a complex  rock  mass.  The  densest  materials, 
the  schists  and  some  of  the  gneisses,  were  the  least  competent  as  in- 
dicated by  the  other  tests.  The  strength  results  and  compressional 
wave  velocities,  although  quite  variable,  were  satisfactory  for  the 
large  majority  of  rock,  including  specimens  which  contained  contacts 
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of  the  several  rock  types.  Only  10  percent  of  the  compressive  speci- 
mens were  classified  as  poor  quality  material  and  an  additional  14 
percent  as  marginal  by  the  criteria  utilized  herein.  Only  6 of  51 
specimens  had  compressive  wave  velocities  of  less  than  15,000  fps. 
Therefore,  overall  appearance  of  the  area  is  one  of  a complex  rock 
mass  but  within  the  complexity,  a fairly  competent  medium. 

5.2  CONCLUSIONS 

Based  on  the  test  results  of  rock  core  samples  reported  herein, 
the  following  conclusions  appear  to  be  justified: 

1.  Petrographic ally , the  samples  give  the  appearance  of  repre- 

senting a complex  geologic  area.  Five  general  types  of  material  were 
identified:  porphyritic  granite,  tonalite,  aplite  granite,  amphibo- 

lite, and  biotite  gneiss  and  schist.  The  predominant  materials  were 
granite  and  biotite  gneiss. 

2.  Based  on  physical  characteristics,  three  groups  of  material 

were  present:  poor,  marginal,  and  good  to  excellent  quality  rock. 

3-  If  12,000-psi  compressive  strength  is  taken  as  the  accept- 
able minimum  of  competence,  24  percent  of  all  tested  material  would 
be  classified  as  incompetent  (compared  to  17  percent  in  the  Bergstrom 
area  and  33  percent  in  the  Castle  area).  Twelve  percent  of  the  spec- 
imens tested  had  compressive  wave  velocities  below  15,000  fps. 

4.  The  wide  area  represented  by  the  five  drill  holes  and  the 
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complex  nature  of  the  material  preclude  assessment  on  a hole-to-hole 


basis.  Except  for  the  schist,  poorer  quality  rock  is  predominantly 
in  the  upper  elevation.  One  may  expect  to  remove  up  to  70  feet  of 
material  in  some  areas  before  competent  rock  is  reached. 

5.  Three-dimensional  compressional  wave  velocity  tests  on  rep- 
resentative samples  indicate  that  the  granite  is  rather  isotropic; 
however,  the  one  gneiss  specimen  varied  15  percent  in  velocity  meas- 
urements, which  would  indicate  the  gneiss  to  be  very  anisotropic. 

6.  Except  for  the  schist,  the  material  from  this  area  was 
rather  brittle,  exhibiting  little  or  no  plastic  deformation  prior  to 
failure.  Hysteresis  and  residual  strain  were  evident  in  the  elasto- 
plastic  behavior  of  the  schist. 

7.  Based  on  the  limited  data  available,  the  area  offers  possi- 
bilities as  a competent  hard  rock  medium  if  the  schist  can  be  avoided. 
A more  extensive  investigation  will  be  required  to  identify  the  most 
promising  hard  rock  areas . 


I 

I 
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investigation  sites 
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APPENDIX  A 
DATA  REPORT 

Hole  W2-CR-1 

21  August  1969 


Hole  Location:  Natrona  County,  Wyoming 


Township  32N,  Range  88W,  Section  35 
900'  W/EL,  650'  N/SL,  SE  1/4  SE  1/4 

Core 

1.  The  following  core  was  received  on  4 August  1969  for  testing: 


Core  Piece  No,  Approximate  Depth,  ft 


1 

5 

2 

24 

3 

31 

l. 

42 

5 

44 

6 

54 

7 

59 

8 

69 

9 

79 

10 

87 

11 

90 

12 

98 

13 

107 

14 

116 

15 

122 

16 

130 

17 

142 

18 

149 

19 

151 

20 

160 

21 

168 

22 

178 

23 

186 

24 

192 

25 

196 

26 

200 

Description 

2.  The  samples  received  were  pink-  to  white-colored  porphyrltlc  granite 
and  gray  and  white  diorlte,  as  Identified  by  the  field  log  received  with 
the  core.  Piece  Nos.  1 and  2 appeared  somewhat  weathered.  Piece  Nos.  5,  8, 
10,  11,  13,  16,  18,  and  20  contained  fractures,  seme  open,  and  some  Incipient. 
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3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  coapreasional  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 


: 


given  below: 

1 


Sample 

No. 

Description 

Core 

Depth 

Sp  Gr 

Schmidt 

No.* 

Comp 

Strg.  psl 

Comp  Wave 
Vel.  f pa 

2 

Cray,  Fine  Grained, 
Critical  Angle 
Fracture 

24 

2.764 

— 

12,420 

15,730 

3 

Gray  Dlorlte,  Intact 

31 

2.736 

-- 

21,210 

20,400 

4 

Pink  Granite,  Intact 

42 

2.652 

61.8 

22,580 

20,705 

5 

Gray  Dlorlte,  Vertical 
Incipient  Fracture 

44 

2.729 

61.1 

18,180 

20,610 

8 

Pink  Granite,  Vertical 
Incipient  Fracture 

69 

2.655 

63.2 

31,060 

20,760 

9 

Pink  Granite,  Intact 

79 

2.767 

61.4 

25,000 

20,730 

10 

Pink  Granite, Vertical 
Incipient  Fracture 

87 

WVWs'Wva 

2.639 

60.8 

35,760 

20,850 

11 

Pink  Granite,  Fine 
Grained, Vertical 
Incipient  Fracture 

90 

2.635 

48,180 

20,435 

12 

Pink  Granite,  Intact 

98 

2.649 

— 

28,030 

20,240 

15 

Gray  Dlorlte , Intact 

122 

2.739 

59.2 

24,240 

20,610 

20 

Pink  Granite, Critical 
Angle  Fracture 

160 

2.671 

60.7 

13,640 

20,055 

23 

Gray  Dlorlte,  Intact 

186 

2.681 

64.2 

21.670 

20.155 

Average  of  Specimens  with  Critical 
Angla  Fractures  (2) 

2.718 

60.7 

13,030 

17,890 

2.688 

61.7 

* Schmidt  hammer  teat  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 
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4.  Of  the  fractured  specimens  tested,  the  two  containing  critical 
angle  fractures  failed  along  these  fractures  and  exhibited  significantly 


I 


lower  unconfined  compressive  strengths.  The  vertical  incipient  fracturing 
appeared  to  have  little  affect  on  physical  properties  of  the  material 
from  this  hole. 

5.  All  but  two  of  the  specimens  tested  were  medium  grained.  One 
of  the  fine  grained  specimens  (No.  2)  failed  along  a critical  angle 
fracture  at  a comparatively  low  compressive  stress.  The  other  (No.  11) 
yielded  a very  high  compressive  strength,  characteristic  of  fine  grained, 
competent.  Intact  rock. 

Moduli  of  deformation 

6.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 


(Continued) 
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and  elastic 

constants  of 

rock. 

The  static 

moduli  were  computed  from 

theory  of  elasticity  by 

use  of 

strain  measurements  tsken  from 

electrical 

resistance 

strain  gages 

af f lxec 

to  the  specimens.  Nos.  2,  10, 

and  17. 

Stress-strain  curves  are 

given 

in  plates  1 

2,  and  3.  Specimens  10  and 

17  were  cycled  at  10,000  psl. 

Results  are 

given  below. 

Specimen 

Modu lus 

U_2S±_S 

10'6 

Shear 

Poisson's 

No. 

Young's 

Bulk 

Shear 

Velocity,  fps 

Ratio 

Dynamic  Tests 

2 

8.0 

4.9 

3.5 

9,340 

0.23 

4 

12.6 

8.6 

5.0 

11,860 

0.26 

5 

11.3 

9.8 

4.4 

10,880 

0.31 

11 

12.7 

7.9 

5.2 

12,075 

0.23 

20 

11.9 

8.2 

4.7 

11,470 

0.26 

— -■ 


(Continued) 
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Specimen 

Modulus 

. psi  x 

so 

1 

o 

Shear 

Poisson's 

No. 

Young's 

Bulk 

Shear 

Velocity,  fps 

Ratio 

Static  Teats 

4 

9.2 

5.3 

3.8 

.. 

0.21 

5 

9.1 

5.1 

3.8 

— 

0.20 

11 

10.5 

6.2 

4.3 

— 

0.22 

7.  All 

of  the  rock 

tested 

herein  Is 

apparently  rather 

rigid  material 

exhibiting  slight  hysteresis.  The  Initial 

erratic  behavior 

of  the  vertical 

stress-strain  relations  for  specimen  Nos.  4 and  5 was  possibly  due  to 
location  of  the  vertical  gages  over  a fracture  along  which  lateral 
displacement  occurred  during  the  early  stages  of  loading. 

Conclusions 


8.  The  core  received  for  testing  from  hole  W-2-CR-1  was  identified 
as  pink- to  white-colored  porphyritic  granite  and  gray  and  white  dlorite 
by  the  field  log  received  with  the  core.  Incipient  fracturing  was  present 
in  several  specimens,  some  oriented  of  critical  angles,  some  vertical. 

The  critical  angle  fractures  significantly  weakened  the  rock;  failure 
occurring  along  these  fractures  and  of  much  lower  compressive  stresses. 

All  other  specimens  exhibited  conical  modes  of  failure,  higher  compressive 


strengths,  and  higher  dynamic  moduli. 


Specific  Gravity 
Schmidt  No. 

Compressive  Strength,  psi 
Compressions l Wave  Velocity,  fps 
Young's  Modulus,  psi  x 10*° 


Specimens  With 

Critical  Angle  All  Other 

Fractures  Specimens 


2.718 

60.7 

13,030 

17,890 


2.688 

61.7 

27,590 

20,550 

9.6 
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PLATE  A1 


Stress-Strain  Curve 
Mnconfined  Compression 
|Speclmen  W-2-CR-1-4 
omp.  Str.  22 ,580  psi 


30,000 


25,000 


20,000 


S 15,000 


10,000 


Strain,  mlcrolnyin 


Itresa-Straln  Curve 
Inconflned  Compression 
ipeclraen  W-2-CR-V-5 
lamp.  Str.  18,180  psl 


Strain,  micioia/in 


PLATE  A 2 


Stress-Strain  Curve 
Unconfined  Compression 
Specimen  W-2-CR-1-U 
Camp,  Str.  48,180  psi 


Strain,  microin/in. 


61-62 


PLATE  A3 


APPENDIX  B 


r 


I 

I 
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Quality  and  uniformity  tests 

3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  compressional  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 
given  below: 


Sample  Core  Log 

No.  Description 

Core 

Depth 

Sp  Gr 

Schmidt 

No.* 

Comp 

Strg,  psi 

Comp  Wave 
Vel , fps 

1 Granite  Gneiss 

S3 

2.533 

55.8 

8,405 

17,140 

4 Chlorite  Schist 

2,906 

— 

3,505 

8,995 

S Chlorite  Schist 

2.S58 

— 

2,800 

11,625 

10  Pyroxene  Hornfels 

115 

3.024 

58.8 

25,850 

22,715 

12  Pyroxene  Hornfels 

3.014 

— 

19,520 

21,865 

13  Chlorite-Biotite  Schist 

137 

2.915 

14.0 

1,210 

7,225 

15  Chlorite-Biotite  Schist 

15* 

3.070 

21.8 

5,990 

11,675 

15  Granite  Gneiss 

155 

2 . 589 

— 

10,5  50 

16,185 

17  Chlorite-Biotite  Schist 

1 5 S 

3.095 

| 

— 

9,170 

16,055 

IS  Ouartz-Porphyry  Gneiss 

172 

2.^84 

— 

15,955 

18,195 

21  Granite  Gneiss 

191 

2.985 

43.2 

5,240 

16,655 

22  Granite  Gneiss 

194 

| 

2 .570 

50.4 

25,  380 

19,795 

Average  Chlorite  Schist  (2) 

2.882 

— 

3,150 

10,310 

Average  Pyroxene  Hornfels  (2) 

3.019 

5R.8 

22,690 

22,290 

I 

Average  Granite  Gneiss  (4) 

2.704 

53.1 

12,670 

17,445 

Average  Chlorite-Biotite  Schist 

(3) 

3.027 

17.9 

5,455 

Average  Quartz-Porphyry  Gneiss  (1) 

2.584 

— 

15,955 

18, 195 

* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 


possibility  of  breakage. 
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4.  Due  to  the  large  variation  of  material  received  from  hole 
W-2-CR-4,  the  specimens  were  grouped  for  testing  according  to  core 

1 'if.  descriptions.  Physical  test  results  substantiated  this  grouping, 
specimens  of  the  same  core  log  description  exhibiting  similar  test 
results . 

5.  Generally,  the  schists  exhibited  rather  low  strength,  the 
average  for  both  groups  being  only  430.)  psi.  The  gneisses  and  hornfels 
were  considerably  stronger,  all  groups  yielding  average  strengths  gre.ater 
than  11,000  nsi.  There  was,  however,  considerable  variation  within  groups, 
some  individual  specimens  being  considerably  weaker  than  the  average. 

Moduli  of  deformation 

5.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  hv 
'.he  proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 
theory  of  elasticity  by  use  of  strairi  measurements  taken  from  electrical 


resistance  strain  gages 

affixed  to 

the  specimens,  Nns 

■ 1,  12, 

and  15. 

Stress-strain  curves  are 

£iven  in 

plates  1,  2,  and  3. 

Specimens  12  and 

IS  were  cycled  at  14,001 

and  5000 

osi,  respectively. 

Results 

are  given 

be  low. 

Specimen  Modulus 

, psi  x 10 

Shear 

Poisson ' s 

No.  young's 

Bulk 

Shear  Velocity, 

f ps 

Ratio 

Dynamic  Tests 


i 

5.5 

7.1 

2.5 

8,320 

0.35 

5 

3.5 

3.4 

1.4 

5,955 

0.32 

12 

13.0 

12.9 

4.1 

11,955 

0.33 

15 

4.8 

3.0 

2.0 

5,870 

0.24 

17 

8.2 

5.5 

3.2 

8,695 

0.29 

(Continued) 
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1 

, Specimen 

Modulus , 

(Continued) 
psi  x 10"® 

Shear 

Poisson’s 

No. 

Young ' s 

Bulk  Shear 

Velocity,  f ps 

Patio 

1 

8.9 

Static  Tests 
3.1  3.1 

0.13 

1 l2 

12.3 

8.2  5.3 

— 

0.17 

15 

2.0 

1.3  0.8 

— 

0.24 

7. 

Most  of  the  rock 

tested  herein  is 

apparent ly  rather 

rigid 

material  exhibiting  little  hysteresis.  Specimen  No.  15,  however,  a 
ehlorite-biotite  schist,  exhibited  considerable  hysteresis.  The  hysteresis 
loops  fcr  this  specimen  remained  open,  indicating  the  presence  of  a 
relatively  large  amount  of  residual  strain  (950  micro  in. /in .) . This 
specimen  exhibited  plastic  behavior  over  practically  the.  entire  range 
of  loading. 

Conclusions 

8.  The  core  received  from  hole  W-2-CK-4  was  quite  variable,  identified 
by  the  field  log  received  with  the  core  as  granite  gneiss,  pyroxene  hornfels, 
chlorite-blot  it.e  schist,  hematite,  quartz-porphyry  gneiss,  and  chlorite, 
schist.  Fracturing  was  present  in  some  specimens.  Generally,  physical 
properties  were  quite  variable,  the  schists  yielding  rather  low  physical 
properties,  the  gneisses  and  hornfels  exhibiting  strength  generally  over 
10,000  psi. 
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Propert' 


Chlorite  Pyroxene  Granite 

Schist  Hornfels  Gneiss 


Chlorite-  Ouarts- 
Blotite  P'-rphyrv 
Schist  Gneiss 


Vettisnl 


PLATE  B1 


STRESS-STRAIN  CURVE 
Unconfined  Compression 
Specimen:  W-2-CR-4-1 

Comp  Strg:  8405  psi 


Strain,  microin.  An. 


STR Its S- STRAIN  CURVE 
Uncenfined  Compression 
Specimen:  V.-2-CR-4-12 

Comp  Step:  19,520  osi 


3000 

1000 


4000 

2000 


Strain,  miernin./in 


PLATE  B2 


STRESS-STRAIN  CURVE 
Unconfined  Compression 
Specimen:  W-2-CR-4-15 

Comp  Strg:  5990  psi 


4000 


4000 


microin 


PLATE  B3 


APPENDIX  C 


OATA  P.DPOUT 


Hole  W2-CR-5 


25  August  1959 


Hole  Location:  Fremont  County,  Wyoming 


Townshin  31N,  Pange  90'/,  Section  12 


1.  The  following  core  was  received  on  5 August  1959  for  testing 


Core.  Piece  No 


Approximate  Depth,  ft 


Description 


2.  The  samDles  received  were,  gray-  to  black-gray-colored  rock 


identified  as  quart z-biot i te  gneiss  and  quartz-mica  gneiss  by  the  field 


log  received  with  the  core.  Piece  Nos.  1,  3,  11,  15,  15,  19,  and  20 


contained  fractures,  most  of  which  were  tightly  closed 


Quality  and  uniformity  tests 

3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  compressi ona 1 wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 
given  below: 

Sample  Core  Schmidt  Comp  Comp  Wave 

No. 


Description 


* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 

**  Specimen  was  broken  during  determination  of  compressi ona 1 wave 
velocity:  comnressive  strength  test  was  not  conducted. 


2 

Quartz  Biotite  Gneiss 

2* ** 

2 .555 

32.1 

** 

★ ★ 

7 

Quartz  Biotite  Gneiss 

AS 

2.570 

57.8 

11,515 

19,300 

1 

Biotite  Gneiss 

*n/VA<y> 

86 

2.577 

50.8 

20,480 

18,505 

11 

Gneiss 

104 

2.704 

45.8 

10,940 

17,205 

14 

Biotite  Gneiss 

122 

2.725 

45.5 

22,090 

18,095 

18 

Biotite  Gneiss,  '■tedium 
Grained 

157 

2.591 

— 

22,120 

19,820 

19 

Biotite  Gneiss, 
Vertical  Fractures 

2 . *91 

57.2 

18,180 

19,945 

20 

Biotite  Gneiss, 
Vertical  Fractures 

175 

2.728 

— 

12,550 

19,430 

21 

Biotite  Gneiss,  Coarse 
Grained 

184 

2.732 

58.4 

21,335 

20,235 

22 

Biotite  Gneiss,  Coarse 
Grained 

J97^ 

2.703 

56.3 

15,300 

20,085 

Average 

of  All  Specimens  Tested 

2.598 

51.9 

17,280 

19,180 

4.  The  results  of  unconfined  compressive  tests  were  rather  variable. 


f - ■ ■ 


! 


\ 

■\ 

orobably  due  to  the  variation  in  grain  size,  foliation,  and  incipient 
fracturing.  The  specimens  containinc  fracturing  and  planes  of  foliation 
oriented  at  critical  angles  (Nos.  7,  11,  19,  20,  and  22)  sheared  along 

I1 

these  planes.  The  ultimate  stress  for  these  specimens  fell  somewhat 
below  average. 

”'xluli  of  deformation 

5.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
nroposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 
theory  of  elastic;ty  bv  use  of  strain  measurements  taken  from  electrical 
resistance  strain  gages  affixed  to  the  specimens,  Nos.  7,  11,  and  21. 
Stress-strain  curves  are  given  in  plates  1,  2,  and  3.  Specimens  7 and 
?1  were  cycled  at  10,000  psi;  specimen  II  was  eye  led  at  5000  psi. 


Results  are  given  below. 


Specimen 

Modulus,  psi 

x 10‘6 

Shear 

Poisson's 

No. 

Youns 's 

Bulk 

Shear 

Ve  1 or  i t y , f ns 

Rat  io 

Dynamic  Tests 

7 

10.0 

7.1 

4.4 

11,045 

0.21 

i 

11 

9.1 

1.4 

3.3 

4,535 

0.28 

21 

12.7 

8.2 

S.l 

11,800 

0.24 

Static  Tests 

s 

7 

8. 1 

3.1 

3.1 

0.12 

' • 

11 

f>.1 

3.7 

2.7 



0.20 

21 

10.4 

1.2 

4.3 

-- 

0.22 

All  of  the 

rock  tested 

herein 

is  apparent  ly 

rather  rieid  material, 

1 

exhibiting  slight  hysteresis. 


Conclusions 


5.  The  core  received  for  testing  from  hole  W-2-CR-5  was  identified 
as  quartz-blotite  gneiss  and  quartz-mica  gneiss  by  the  field  log  received 
with  the  core.  The  specimens  were  gray  to  black-gray  in  color;  some 
fracturing  was  present.  Compressive  strengths  varied  from  10,000  to 
22,000  psi,  the  lower  strengths  exhibited  by  specimens  which  failed 
along  well-developed  critical  angle  planes  of  foliation  or  fracturing. 


Property 


Specific  Gravity 
Schmidt  No. 

Compressive  Strength,  psi 
Compresai onal  Wave  Velocity,  fps 
Young's  Modulus,  psi  x 10" 


Average  of  All 
Specimens  Tested 

2. *99 
51.9 
17,920 
19,180 
S.e 


Mjmmr 


STRESS-STRAIN  CURVE 
Unconfined  Compression 
Specimen:  W-2-CR-5-I1 

Comp  Strg:  10,940  psi 


PLATE  C2 


APPENDIX  D 


| 

i 

i 
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DATA  REPORT 
Hole  W2-CR-1U 
28  August  1969 

Hole  Location:  Fremont  County,  Wyoming 

Township  29N,  Range  90W,  Section  6 
1350*  E/WL,  800'  N/SL,  SW  1/4  SW  1/4 


Core 


1.  The  following  core  was  received  on  14  August  19*9  for  testing: 
Core  Piece  No.  Approximate  Oepth,  ft 


1 

24 

2 

35 

3 

44 

4 

44 

5 

53 

A 

63 

7 

74 

8 

83 

9 

93 

10 

104 

11 

113 

12 

123 

13 

134 

14 

141 

15 

149 

16 

159 

17 

170 

18 

179 

19 

181 

20 

190 

21 

200 

Description 

2.  The  samples  received  were  brown-  to  gray-colored  rock  identified 
as  granite  by  the  field  log  received  with  the  core.  Piece  Nos.  1 through 
7 appeared  somewhat  weathered. 


Quality  and  uniformity  tests 

3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compress ive  strength,  and  compressional  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 
given  below: 


Sample 

No. 

Descript  ion 

Core 

Depth 

Sp  Gr 

Schmidt 

No.* 

Comp 

Strg,  psi 

Comp  Wave 
Vel,  fps 

i 

Moderately  Weathered 

24 

2.820 

40.3 

11,335 

8,590 

5 

Slightly  Weathered 

53 

2.840 

56.6 

22,790 

18,655 

7 

Slightly  Weathered 

74 

2.840 

— 

20,910 

18,630 

8 

Slightly  Weathered 

83 

2.844 

56.2 

22,515 

18,575 

10 

Slightly  Weathered 

104 

2.844 

56.0 

21,395 

18,425 

14 

Slightly  Weathered 

141 

2.839 

— 

27,305 

19,875 

18 

Unweathered 

159 

2.845 

61.3 

24,365 

18,930 

19 

Un weathered 

181 

2.848 

60.1 

2 1 , 880 

18,110 

21 

Unweathered 

200 

2.841 

61  ,S 

23,875 

19,140 

Weathered  Specimen  O) 

2.820 

40.3 

11,335 

8,590 

Average  of  Slightly  Weathered 
Unweathered  Specimens  (8) 

to 

2.842 

58.6 

21,880 

18,665 

* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to  possibility 
of  breakage  . 

Specimens  8,  10,  and  14  were  limenite  stained.  The  specimens  which  sustained 
slight  weathering  were  apparently  not  significantly  different  from  the 
unaltered  rock. 
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Moduli  of  deformation 


4.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  oeformation  tests.  The  dynamic  moduli  were  determined  by 
the  nroposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 
theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 
resistance  strain  gages  affixed  to  the  specimens,  Nos.  5,  10,  and  19. 
Stress-strain  curves  are  given  in  plates  1,  2,  and  3.  Specimens  10  and 
19  were  cycled  at  15,000  psi;  specimen  5 was  cycled  at  10,000  psi. 

Results  are  given  below. 


Specimen 

Modulus , 

, psi  x 10^ 

Shear 

Poisson's 

No. 

Young's 

Bulk  Shear 

Velocity,  fps 

Rat  io 

Dynamic  Tests 

5 

8.7 

8.0  3.3 

9,630 

0.32 

10 

9.2 

7.4  3.5 

9,965 

0.29 

19 

10.0 

6.3  4.1 

10,675 

0.23 

Static  Tests 

5 

7.8 

4.8  3.2 

__ 

0.23 

10 

8.2 

5.4  3.3 

— 

0.25 

19 

8.9 

7.4  3.4 

— 

0.30 

5.  All  of  the  rock  tested  herein  is  apparently  rather  rigid  material, 
exhibiting  slight  hysteresis.  The  hysteresis  loops  remained  open,  indicative 
of  the  presence  of  small  amounts  of  residual  strain. 


8l 


Conclusions 


5 . The  core  received  for  testing  fron  hole  W-2-CK-14  uas  identified 

as  brovm  to  gray  granite  by  the  field  log  received  with  the  core.  Some 

weathering  was  present  in  the  upper  regions  of  the  hole.  Test  results 

tor  the  slightly  weathered  to  unweathered  material  were  relatively 

uniform,  compressive  strength  ranging  from  17,305  to  23.R75  psi  and 

rompressional  wave  velocity  ranging  from  IP, 110  to  19,140  fps.  Generally, 

compressive  strength  for  the  unweathered  to  slightly  weathered  rock  was 

approximately  twice  that  exhibited  by  the  moderately  weathered  material. 

In  no  instance,  however,  did  compressive  strength  fall  below  10,000  psi. 

Moderately 
Weathered 

Property Specimen 

Specific  Gravity  2.520 

Schmidt  No.  40.3 

Compressive  Strength,  psi  11,335 

Compressional  Wave  Velocity,  fps  9,590 

Static  young's  Modulus,  psi  x 10” 


Slightly  Weathered 
to  Unweathered 
Specimens 


2.542 

59.5 

21,990 

19,595 

9.3 
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APPENDIX  E 
DATA  REPORT 

Hole  W2-CR-26 

20  August  19S9 

Hole  Location:  Natrona  County,  Wyoming 

Township  30N,  Range  88W,  Section  21 
950'  W/EL,  800'  SAL,  NE  I A NE  I A 

Core 

1.  The  following  core  was  received  on  4 August  1969  for  testing: 


Piece  No. 

Approximate  Depth,  ft 

i 

15 

2 

22 

3 

32 

4 

41 

5 

50 

6 

60 

7 

71 

8 

81 

9 

93 

10 

103 

11 

114 

12 

124 

13 

133 

14 

144 

15 

154 

16 

164 

17 

173 

18 

183 

19 

194 

Description 

2.  The  samples  received  were  li aht -gray-col ored  rock  identified 
as  granite  by  the  field  log  received  with  the  core.  Piece  Nos.  2 and 
3 contained  vertical  incipient  fractures. 
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Quality  and  uniformity  tests 

3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  eompressional  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 
given  below: 


Sample 

No. 

Description 

Core 

Depth 

Sp  Gr 

Schmidt 

No.* 

Comp 

Strg,  psi 

Comp  Wave 
Vel , fps 

2 

Vertical  Incipient 
Fracture 

22 

2.845 

-- 

28,700 

18,225 

3 

Vertical  Incipient 
Fracture 

32 

2.88  8 

— 

27,270 

17,280 

5 

Intact 

Rock 

50 

2.848 

52.8 

29,700 

19.415 

A 

Intact 

Rock 

50 

2.548 

49.8 

28,790 

18,780 

9 

Intact 

Rock 

93 

2.838 

48.7 

25,230 

18, 140 

10 

Intact 

Rock 

103 

2.830 

48.6 

31,670 

18,660 

14 

Intact 

Rock 

144 

2.839 

49.9 

30,075 

18,560 

18 

Intact 

Rock 

183 

2.838 

49.8 

30,180 

18,000 

Average 

Tested 

of  All 
(8) 

Specimens 

2.844 

49.9 

28,950 

18,380 

* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 


4.  The  rock  from  hole  W-2-CR-26  was  found  to  be  unusually  uniform, 
exhibiting  a range  in  unconfined  compressive  strength  of  only  <>440  psi 
with  an  average  strength  of  28,950  psi.  Apparently,  the  vertical  incipient 
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fractures  In  specimen  Nos.  2 and  3 had  very  little,  if  any,  effect 
on  the  physical  properties  of  these  specimens.  Specific  gravities, 
Schmidt  numbers,  and  compressive  wave  velocities  were  also  relatively 
uniform  for  all  specimens  tested. 

Moduli  of  deformation 

5.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by 
the  proposed  AS1>1  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 

[ i 

theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 
resistance  strain  gages  affixed  to  the  specimens,  Nos.  3,  9,  and  1R. 
Stress-strain  curves  are  given  in  plates  1,  2,  and  3.  Specimens  3,  9, 

< and  18  were  cycled  at  20,000  psi.  Results  are  given  below. 


Specimen 

Modulus , 

, psi  x 10fi 

Shear 

Poisson's 

No. 

Young ' s 

Bulk  Shear 

Ve  1 oc  it  y , f ps 

Ratio 

Dynamic  Tests 

3 

9.  1 

5.9  3.5 

10,075 

0.24 

9 

8.3 

7.5  3.2 

9,440 

0.31 

18 

8.9 

5.9  3. h 

9,840 

0.29 

Static  Tests 

3 

7.8 

4.4  3.2 

„ 

0.21 

9 

7.1 

5.2  2.8 



0.27 

18 

8.3 

5.5  3.3 



0.25 

fi.  All  of  the  rock  tested  herein  is  apparently  rather  rigid  material 
exhibiting  some  hysteresis.  The  hysteresis  loops  were  not  closed,  i.e., 
residual  strain  was  induced  in  the  specimens  by  the  cyclic  stressing. 

I 
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Cone  luslona 

7.  The  core  received  for  testing  from  hole  W-2-CR-26  was  identified 
as  granite  by  the  field  log  received  with  the  core.  All  of  the  core  was 
light-gray  colored.  Physical  tests  indicated  that  the  core  was  unusually 
uniform,  yielding  an  average  unconfined  compressive  strength  of  28,950  psi 
and  a range  of  only  8440  psi.  Vertical  incipient  fractures  in  two  speci- 
mens apparently  had  no  effect  on  the  specimens'  physical  properties. 

Both  specimens  exhibited  compressive  strengths  very  close  to  the  average 


for  the  group. 


Property 


Average  of  All 
Specimens  Tested 


Specific  Cravity  2.544 

Schmidt  No.  49.9 

Compressive  Strength,  psi  28,950 

Compressions  1 Wave  Velocity , fps  18,380 

Young's  Modulus,  psi  x 10  7.7 
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Stress,  psi 


STRESS-STRAIN  CURVE 
Unconfined  Compression 
Specimen:  W-2-CR-2o-l 


PLATE  E3 
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Unclassified 


TESTS  OF  ROCK  CORES,  WARREN  IX  STUDY  AREA,  WYOMING 


Final  rep®t 


Kenneth  L./ Saucier 


Miscellaneous  Paper  C-70-17 


Laboratory  tests  were  conducted  on  rock  core  samples  received  from  five  holes  from 
Natrona  and  Fremont  Counties,  Wyoming  (Warren  II  Study  Area).  Results  were  used  to 
determine  the  quality  and  uniformity  of  the  rock  to  depths  of  200  feet  below  ground 
surface.  The  rock  core  was  petrographically  identified  as  predominantly  granite  and 
biotite  gneiss.  Several  specimens  of  amphibolite  gneiss  and  biotite  schist  were  also 
identified.  The  wide  area  represented  by  the  five  drill  holes  and  the  complex  nature 
of  the  material  preclude  assessment  of  the  area  on  a hole-to-hole  basis.  The  overall 
appearance  of  the  area  is  one  of  a complex  rock  mass  with  quite  variable  physical 
properties.  However,  based  on  the  limited  data  available,  the  area  offers  possibili- 
ties as  a competent  hard  rock  medium  if  poor  quality  schist  can  be  avoided.  Except 
for  the  schist,  poorer  quality  rock  is  predominantly  in  the  upper  elevations,  but  one 
may  expect  to  remove  up  to  70  feet  of  material  in  some  areas  before  competent  rock  is 
reached.  A more  extensive  investigation  will  be  required  to  identify  the  most  promis- 
ing hard  rock  areas. 
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